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𝐷1, 𝐷2, … , 𝐷𝑛 𝑛 > 0
{𝐴1, 𝐴2, . . . , 𝐴𝑛}
𝐴𝑖 𝐷𝑖 = 𝑑𝑜𝑚(𝐴𝑖)
𝑟(𝑅) 𝑟 = {𝑡1, 𝑡2, … , 𝑡𝑚}
𝑡𝑖
𝑡𝑖: 𝑅 → 𝑑𝑜𝑚(𝐴1) ∪  𝑑𝑜𝑚(𝐴2) ∪ …∪ 𝑑𝑜𝑚(𝐴𝑚) 𝑡𝑖[𝐴𝑗] ∈
𝑑𝑜𝑚(𝐴𝑗) 1 ≤ 𝑗 ≤ 𝑛 𝑡 𝑟
𝑡𝑖[𝐴𝑗] 𝐴𝑗
𝐷1 × 𝐷2 × …× 𝐷𝑛
(𝑑1, 𝑑2, … , 𝑑𝑛) 𝑑𝑖 ∈ 𝐷𝑖 1 ≤ 𝑖 ≤ 𝑛
 
 
𝑅 {𝐴1, 𝐴2, … , 𝐴𝑛}
𝑆 ⊆ 𝑅 𝑡1
𝑡2 𝑡1[𝑆] = 𝑡2[𝑆]
𝐾
𝑋 𝑌 𝑋 → 𝑌





𝑋 → 𝑌 𝑅
𝑍 𝑍 ⊂ 𝑅









𝑋 → 𝐴 𝑋
𝑅 𝑋 𝑌
𝑍 = 𝑅 − (𝑋 ∪ 𝑌) 𝑟(𝑅)
𝑋 ↠ 𝑌 𝑡1 𝑡2
𝑋 𝑡1[𝑋] = 𝑡2[𝑋] 𝑡3
𝑡1[𝑋] = 𝑡3[𝑋] 𝑡1[𝑌] = 𝑡3[𝑌] 𝑡2[𝑍] = 𝑡3[𝑍]
𝑌 𝑍
𝑋 ↠ 𝑌|𝑍 𝑋 ↠ 𝑌 𝑌 ⊆ 𝑋 𝑋 ∪
𝑌 = 𝑅 𝑋 ↠ 𝑌|𝑍
𝑋 ↠ 𝑌 𝑋 ↠ 𝑍
𝑟(𝑅)
𝑅1(𝑋, 𝑌) 𝑅2(𝑋, 𝑍)
𝑅
𝐽𝐷(𝑅1, 𝑅2, . . . , 𝑅𝑛)
𝑟(𝑅)
𝑅1, 𝑅2, . . . , 𝑅𝑛 𝑟(𝑅)
∗ (𝜋𝑅1(𝑅), 𝜋𝑅2(𝑅),… , 𝜋𝑅𝑛(𝑅)) =
𝑟(𝑅)
𝑅 𝐽𝐷(𝑅1, 𝑅2, . . . , 𝑅𝑛)
𝑟(𝑅) 𝑅 𝑟(𝑅)
𝐽𝐷(𝑅1, 𝑅2, . . . , 𝑅𝑝) 𝑟(𝑅)











































































select p.name, a.opened, c.name, b.time, b.amount, ub.name 
from Auction a 
join Product p  ON (p.id = a.item) 
join Category c ON (p.category = c.id) 
join User ub    ON (ub.id = b.bidder) 
join Bid b      ON (b.auction = a.id) [last by b.time] 
where a.opened < now() and a.finished is null 
Auction a = findById(100); 
Product p = a.item(); 
// Display general information 
display ( 
 p.name(),    // product name 
 a.opened(), 
 a.finished(), 
 a.seller().name(),  // seller’s name 
 a.manager().name(), // manager’s name 
); 
 
// Display full product category path 
Category c = p.category(); 
while (c != null) { 
   display (c.name()); 
   c = c.parent(); 
} 
 
// Display all bids 
foreach (Bid b in a.bids()) { 
   // Display bid information 
   display (b.bidder().name(), b.amount(), b.time()); 
} 
 
// Display winning bid if it exists 
Bid w = a.winner(); 
if (w != null) { 







































Conversation ::= Header { Operation } Trailer 
Header ::= “CBEG” UniqueConversationId “,” Timestamp 
Trailer ::= “CEND” UniqueConversationId “,” Timestamp 
EntityId ::= TypeName “(” Identifier “)” 
Operation ::= LoadEntity | RemoveEntity | ReadProperty | WriteProperty | 
              CreateEntity 
LoadEntity ::= “LDEN” EntityId 
CreateEntity ::= “CREN” EntityId 
RemoveEntity ::= “RMEN” EntityId 
ReadProperty ::= “PPRD” EntityId “.” PropertyName [ “[1]” ]  
                     [ TypeName “:{” { EntityId } “}” ] 
WriteProperty ::= “PPWR” EntityId “.” PropertyName [ “[1]” ]  
                     [ TypeName “:{” { EntityId } “}” ]
 
CBEG 5CC731ACC94770E70884DAE2C4B29824, 1460372412239 
LDEN Auction(100) 
PPRD Auction(100).item[1] Product:{Product(1)} 
// display auction details 
PPRD Product(1).name[1]  
PPRD Auction(100).opened[1] 
PPRD Auction(100).finished[1] 
PPRD Auction(100).seller[1] User:{User(1)} 
PPRD User(1).name[1] 
PPRD Auction(100).manager[1] User:{Manager(2)} 
PPRD Manager(2)._super[1] User{User(2)} 
PPRD User(2).name[1] 
// display categories 
PPRD Product(1).category[1] Category:{Category(1)} 
PPRD Category(1).name[1] 
PPRD Category(1).parent[1] Category:{Category(2)} 
PPRD Category(2).name[1] 
PPRD Category(2).parent[1] Category:{Category(3)} 
PPRD Category(3).name[1] 
// list all bids 
PPRD Auction(100).bids Bid:{Bid(1), Bid(2)} 
PPRD Bid(1).time[1] 










// display winner bid 
PPRD Auction(100).winner[1] {Bid(2)} 






















𝑅𝑁 𝑊𝑁 𝑅𝐷 𝑊𝐷






𝐸 {𝐸1, 𝐸2, … , 𝐸𝑘}
𝑛𝑢𝑙𝑙 𝐹
{𝑓1, 𝑓2, … , 𝑓𝑛}
𝑓𝑘: 𝐸𝑖 → 𝐸𝑗 𝐸𝑖, 𝐸𝑗 ∈ 𝐸
𝑓(𝑛𝑢𝑙𝑙) = 𝑛𝑢𝑙𝑙 𝑓 ∈ 𝐹





𝑦, 𝑦 ≠ 𝑛𝑢𝑙𝑙 𝑌
• 𝜇
𝑦, 𝑦 ≠ 𝑛𝑢𝑙𝑙 𝑓









𝑓𝑝 𝑓𝑞 𝑓𝑝 ↷ 𝑓𝑞
𝑓𝑞 𝑓𝑝
𝑓𝑖1 ↷ 𝑓𝑖2 ↷ ⋯ ↷ 𝑓𝑖𝑘 𝑓𝑥 = 𝑓𝑖1 ∘ 𝑓𝑖2 ∘ … ∘
𝑓𝑖𝑘 𝐸𝑥 𝑓𝑖1 𝐸𝑦
𝑓𝑖𝑘 𝑒𝑥 ∈ 𝐸𝑥
𝑒𝑦 ∈ 𝐸𝑦 𝑒𝑦 = 𝑓𝑖𝑘 (…𝑓𝑖2(𝑓𝑖1(𝑒𝑥))) =











(𝑉, 𝑈,𝑀𝑉 , 𝑀𝑈, 𝑟, 𝜔, 𝜃)
• 𝑉
• 𝑈
• 𝑀𝑉 𝑉 →
𝐸 𝐸
• 𝑀𝑈 𝑈 → 𝐹
𝐹
• 𝑟 ∈ 𝑉
• 𝜔 ∈ ℕ
• 𝜃 ∈ ℝ, 𝜃 ∈ [0,1]
𝑃
𝑏𝐿 , 𝑏, 𝑛
𝑙𝑏𝑛 = 𝑏𝐿 ∘ 𝑏 ∘ 𝑛 
𝑃
𝑂 𝐶 ⊆ 𝑂
𝑂 2𝑁 𝑁 = |𝑂|
𝑂 𝑂
𝑁 𝑐 = [𝑜1, 𝑜2, … , 𝑜𝑁]
𝑁 = |𝑂| 𝑂




𝑓𝑥 = 𝑓𝑖1 ∘ 𝑓𝑖2 ∘ … ∘ 𝑓𝑖𝑘
𝐸𝑥




𝜌 ∈ ℝ 𝜌 ∈ [0, 1]
𝜌 = 0.2.
𝜌
𝜇 = 𝜆 + 𝜏 1 + 𝐿(1 − 𝜌) 𝐿 ∈ ℝ, 𝐿 ≥ 0
𝜇 = (𝜆 + 𝜏) ⋅ (1 + 𝐿(1 − 𝜌))






𝑟𝑏: {0,1}𝑁 → ℝ
𝜔𝑘 𝑝𝑘 𝑃








𝑤𝑝: {0,1}𝑁 → ℝ
𝑤𝑘 𝑓𝑘
𝐹




𝑓𝑖1 ↷ 𝑓𝑖2 ↷ ⋯ ↷ 𝑓𝑖𝑚
𝐸𝑖1 𝑓𝑖1 𝐸𝑖𝑚+1
𝑓𝑖𝑚
𝑂𝑚 = {𝑓12, … , 𝑓1𝑚, 𝑓23, … , 𝑓𝑚−1𝑚}
𝐶1𝑚 =












𝑂𝑚 𝑐 = [𝑜12, … , 𝑜1𝑚, 𝑜23, … , 𝑜𝑚−1𝑚]
𝜇𝑖𝑘 = 𝜇(𝑓𝑖𝑘) 𝜇𝑖𝑘
𝑓𝑖𝑘 𝜔
𝑚
𝑟𝑏(𝑐1𝑚) = 𝜔 ∑ 𝜇𝑖𝑘
𝑘=𝑚
𝑘=2























𝑓1𝑘+1, … , 𝑓1𝑚
𝑓𝑖𝑘
𝑓1𝑘+1, … , 𝑓1𝑚 𝑓𝑖𝑘




















𝑓1 ↷ 𝑓2 ↷ 𝑓3
𝑓1 ↷ 𝑓2 ↷ 𝑓3
𝑂𝑥 = {𝑓12, 𝑓13, 𝑓23}
𝑐𝑥 = [𝑜12, 𝑜13, 𝑜23]
𝑐110 = [1,1,0]
𝑓23 𝑜23 = 0
𝜏 = 0 𝜆 = 1 𝜌 = 0.1 𝐿 = 0,1
𝑟𝑏(𝑐110) = 2 ⋅ (1 + 0,09)𝜔 = 2,18𝜔
𝑤𝑝(𝑐110) = 𝑤𝑝(𝑐110, 𝑓1) + 𝑤𝑝(𝑐110, 𝑓2) + 𝑤𝑝(𝑐110, 𝑓3)
                   = 2,18𝑤1 + 1,09(1 + 𝑑1)𝑤2 + 1,09 ⋅ 𝑑1𝑑2𝑤3
𝑤𝑝(𝑐110, 𝑓1) = 𝑤1(𝜇2 + 𝜇3) = 2𝑤1𝜆(1 + 0,09) = 2,18𝑤1
𝑤𝑝(𝑐110, 𝑓2) = 𝑤2(𝜇2 + 𝜇1𝑑1) = 1,09(1 + 𝑑1)𝑤2
𝑤𝑝(𝑐110, 𝑓3) = 𝜇1𝑑1𝑑2𝑤3 = 1,09 ⋅ 𝑑1𝑑2𝑤3
 





𝑒1. 𝑓12 𝑒1. 𝑓13
𝑒2. 𝑓2 𝑒3
′ ∈
𝐸3 𝑓12 𝑓13. 𝑓12
𝑓13
𝑒3










∗)) = 𝑒3 𝑒1
∗. 𝑓13
 
𝜏 = 0 𝜆 = 1 𝜌 = 1 𝐿 = 0
𝑟𝑏(𝑐110) = 2𝜔
𝑤𝑝(𝑐110) = 𝑤𝑝(𝑐, 𝑓1) + 𝑤𝑝(𝑐, 𝑓2) + 𝑤𝑝(𝑐, 𝑓3)
𝑤𝑝(𝑐110) = 2𝑤1 + (1 + 𝑑1)𝑤2 + 𝑑1𝑑2𝑤3
𝑐110 = [1,1,0].
𝑟𝑏(𝑐1𝑚) = (𝑚 − 1)𝜔
𝑤𝑝(𝑐1m) = ∑ (∏ 𝑑𝑖𝑗
𝑗=𝑘−1
𝑗=1




𝑐110 = [1,1,0] 𝑤 𝑑
𝜔
𝑤 = 5 𝑑 = 2
𝜔 = 50
𝑟𝑏 = 100 𝑤𝑝 =
45
𝑓1 ↷ 𝑓2 ↷ 𝑓3






𝑀𝐴𝑋  𝑟𝑏(𝑐), 𝑐 = [𝑜1, 𝑜2, … , 𝑜𝑁]
𝑠. 𝑡.   𝑟𝑏(𝑐) > 𝑤𝑝(𝑐), 𝑤𝑝(𝑐) ≤ 𝑇, 𝑇 ≥ 0






















































, … , 𝑓𝑖𝑘
𝑜𝑝𝑡



















𝜏 = 0, 𝜆 = 1, 𝜌 = 1, 𝐿 = 0
𝑟𝑏(𝑐) = (𝑜12 + (𝑜13 ∨ ( 𝑜23 ∧ ¬o12 )))𝜔







𝑜 = (𝑓𝑖1, 𝑓𝑖2, … , 𝑓𝑖𝑘)
𝑜 𝑜[𝑛]
𝑜[1]




(𝑉, 𝑈,𝑀𝑉 , 𝑀𝑈, 𝑟, 𝜔, 𝜃)
𝑝.𝑀𝑉




𝑝 𝑝. 𝑈[𝑠𝑟𝑐 = 𝑝. 𝑟] 𝑝. 𝑟
𝑂





𝑝. 𝑈[𝑠𝑟𝑐 = 𝑝. 𝑟]











































𝑂(|𝑃| ⋅ 𝐷4 ⋅ |𝑉|)






𝑀𝐴𝑋   𝑉 =∑ 𝑣𝑖 ⋅ 𝑥𝑖
𝑖=𝑛
𝑖=1










→ 𝐶𝑖 1 ≤ 𝑖 ≤ 𝑛
𝜔𝑖
𝑓𝑏𝑐 = 𝑓𝑏𝑖 ∘ 𝑓𝑐𝑖 1 ≤ 𝑖 ≤ 𝑛
𝑟𝑏𝑖 = 𝜔𝑖 ⋅ 𝑜𝑖 𝑜𝑖
𝑓𝑏𝑐
𝑓𝑐𝑖
𝑓𝑏𝑖 𝑤(𝑓𝑏𝑖) ≡ 𝑤𝑏𝑖
𝐷𝑅𝐸
𝑇
𝑀𝐴𝑋   𝑅𝐵 =∑ 𝜔𝑖 ⋅ 𝑜𝑖
𝑖=𝑛
𝑖=1




𝑠. 𝑡.      𝑜𝑖 ∈ {0,1},         𝜔𝑖, 𝑤𝑏𝑖 ∈ ℝ
𝑄:𝑋 → 𝑌 𝑋
𝑌









⇔  ∑ 𝜔𝑖 ⋅ 𝑜𝑖
𝑖=𝑛
𝑖=1













𝑜17 = 𝑏𝐿 ∘ 𝑎
𝑜14 = 𝑏𝐿 ∘ 𝑏
𝑜16 = 𝑏𝐿 ∘ 𝑏 ∘ 𝑛
𝑜13 = 𝑏𝐿 ∘ 𝑡
𝑜10 = 𝑚 ∘ ℎ
𝑜12 = 𝑚 ∘ ℎ ∘ 𝑛
𝑜1 = 𝑖 ∘ 𝑛
𝑜2 = 𝑖 ∘ 𝑐
𝑜4 = 𝑖 ∘ 𝑐 ∘ 𝑛
𝑜20 = 𝑖 ∘ 𝑐 ∘ 𝑝
𝑜23 = 𝑖 ∘ 𝑐 ∘ 𝑝 ∘ 𝑛
𝑜26 = 𝑖 ∘ 𝑐 ∘ 𝑝 ∘ 𝑝
𝑜30 = 𝑖 ∘ 𝑐 ∘ 𝑝 ∘ 𝑝 ∘ 𝑛
𝑜29 = 𝑐 ∘ 𝑝 ∘ 𝑝 ∘ 𝑛
𝑜33 = 𝑤 ∘ 𝑏 ∘ 𝑛
𝑜35 = 𝑤 ∘ 𝑡
𝑜34 = 𝑤 ∘ 𝑎
𝑜31 = 𝑤 ∘ 𝑏
𝑜7 = 𝑏 ∘ 𝑛
𝑜21 = 𝑝 ∘ 𝑛
𝑜24 = 𝑝 ∘ 𝑝
𝑜28 = 𝑝 ∘ 𝑝 ∘ 𝑛
𝑜11 = ℎ ∘ 𝑛
𝑜3 = 𝑐 ∘ 𝑛
𝑜19 = 𝑐 ∘ 𝑝
𝑜22 = 𝑐 ∘ 𝑝 ∘ 𝑛
𝑜25 = 𝑐 ∘ 𝑝 ∘ 𝑝
𝑜18 = 𝑠 ∘ 𝑛


















































= (𝑜13 ∧ ¬𝐴𝑝1
𝑜𝑝𝑡
) ∧ (𝑜14 ∧ ¬𝐴𝑝1
𝑜𝑝𝑡












𝑤𝑝(𝑏𝐿, 𝑐𝑥) = 4000 ⋅ [(𝑜16 ∧ ¬𝑜7) + (𝑜13 ∨ 𝑜14 ∨ 𝑜16 ∨ 𝑜17)]
𝑏𝐿
𝐵 𝑜13 ∨ 𝑜14 ∨ 𝑜16 ∨ 𝑜17
𝑈
𝑜16 = 𝑏𝐿 ∘ 𝑏 ∘ 𝑛 𝑛
𝐵 𝑜16 ∧ ¬𝑜7
𝑐
𝑐
𝑤𝑝(𝑐, 𝑐𝑥) = (𝑜2 ∨ 𝑜4 ∨ 𝑜20 ∨ 𝑜23 ∨ 𝑜26 ∨ 𝑜30) ⋅ 𝑑𝑖 + (𝑜3 ∨ 𝑜4 ∨ 𝑜19 ∨ 𝑜20 ∨ 𝑜22 ∨ 𝑜23 ∨ 𝑜25 ∨
𝑜26 ∨ 𝑜29 ∨ 𝑜30) + ((𝑜22 ∨ 𝑜23 ∨ 𝑜25 ∨ 𝑜26 ∨ 𝑜29 ∨ 𝑜30) ∧ (¬𝑜21 ∧ ¬𝑜24)) + ((𝑜29 ∨ 𝑜30) ∧
(¬𝑜21 ∧ ¬𝑜28))
(𝑜2 ∨ 𝑜4 ∨ 𝑜20 ∨ 𝑜23 ∨ 𝑜26 ∨ 𝑜30) ⋅ 𝑑𝑖
𝑖
𝑜1 = 𝑖 ∘ 𝑛
𝑜2 = 𝑖 ∘ 𝑐
𝑜21 = 𝑝 ∘ 𝑛
𝑜24 = 𝑝 ∘ 𝑝
𝑜28 = 𝑝 ∘ 𝑝 ∘ 𝑛
𝑜7 = 𝑏 ∘ 𝑛
𝑜35 = 𝑤 ∘ 𝑡
𝑜34 = 𝑤 ∘ 𝑎
𝑜31 = 𝑤 ∘ 𝑏
𝑜11 = ℎ ∘ 𝑛
𝑜17 = 𝑏𝐿 ∘ 𝑎
𝑜14 = 𝑏𝐿 ∘ 𝑏
𝑜13 = 𝑏𝐿 ∘ 𝑡
 
𝑜33 = 𝑤 ∘ 𝑏 ∘ 𝑛 𝑜30 =
𝑖 ∘ 𝑐 ∘ 𝑝 ∘ 𝑝 ∘ 𝑛













- 𝜏 = 0
- 𝐿 = 0.1
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